Comparison of the Structural Efficiency of Panels Having Straight-web and Curved-web Y-section Stiffeners by Hickman, William A & Dow, Norris F
IN 
4~?(\ !fj 
7 8 7 .9&~./'4/' 'ICij~'n . \ IV _ / J/./ ' ,(.1 ~~~~~~~------------------------------~~~~~ 
eX) (/.'< ,.-.",' ,~ 









/'I .• ;Y":'i:~ ".. , ~ .~-I ,~ I 
""(2 (, .!.' 




COMPARISON OF THE STRUCTURAL EFFICIENCY OF 
PANELS HAVING STRAIGHT-WEB AND CURVED-
WEB Y -SECTION STIFFENERS 
By Norris F. Dow and William A. Hickman 
Langley Aeronautical Laboratory 





NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TECHNICAL NOTE NO. 1787 . 
COMPARISON OF THE STRUCTURAL EFFICIENCY OF 
PANELS HAVING STRAIGHT-WEB AND CURVED-
WEB Y-SECTION STIFFENERS 
By Norris F. Dow and William A. Hickman 
SUMMARY 
Comparisons are made of the structural efficiency of panels having 
straight-web and curved-web Y- section stiffeners. The comparisons show 
that, in the high-stress region in which failure is at least in part 
associated with local buckling, panels having curved-web Y-section stiff-
eners have higher structural efficiencies than panels having straight-
web Y- section stiffeners ; these higher structural efficiencies are 
evidenced by higher average stresses at failure, smaller stiffener heights, 
or wider average spacing of rivet lines, in various combinations depend-
ing on the design re~uirements. 
INTRODUCTION 
Comparisons of designs of wing compress ion panels having straight-
web Y- section stiffeners with des igns of panels having Z- section stiff-
eners (reference 1) indicated that for some loading conditions the Y-
stiffened panels had the higher structural efficiencies. Because curving 
the webs of the Y- sections (fig. 1) increases the local buckling strength, 
particularly for large width-to-thickness ratios of the webs , web curvature 
appears to offer possibilities of increasing even further the structural 
efficiency of Y- stiffened panels that fai l by local buckling. In order 
to evaluate the effect of web curvature on the str~ctural efficiency, 48 
panels having curved-web Y- section stiffener s were tested in the Langley 
structures research laboratory. The results of these tests are compared 
herein with the results presented in reference 1 for panels with straight-
web Y-section stiffeners. 
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SYMBOLS 
The symbols used to represent the various dimensions of the panels 
are shown in figures 1 and 2. In addition, the following symbols are 
used: 
A cross-sectional area, square inches 
c coefficient of end fixity as used in Euler column formula 
d diameter of rivets, inches 
h distance from outside of skin to axis of center of gravity of 
cross section, inches 
L length of panel, inches 
P pitch of rivets, inches 
Pi intensity of loading, or compressive load per inch of panel 
width, kips per inch 
R fillet radius, inches 
t cross-sectional area per inch of panel width, expressed as an 
equivalent or average thickness, inches 
p radius of gyration, inches 
Of average stress at failing load, ksi 
Ocr stress for local buckling of the sheet, ksi 
0cy compressive yield stress, ksi 
€f unit shortening at failing load 
TEST SPECIMENS AND MANNER OF TE3TING 
The test specimens were constructed with six stiffeners and five bays 
as shown in figure 1. The no:m:Lnal values of both the skin thickness ts 
and the stiffener thickness tw were held constant at 0.064 inch (:: = 1.00). 
Three sizes of stiffeners were used corresponding to values of bw/tw of 20, 
25, and 30, and the stiffeners were riveted to the sheets with ~-inch-
1 32 
diameter Al7S-T4 flat-head rivets (AN442AD) at 2-inch pitch on all panels. 
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Values of the with-grain compressive yield stress (Jcy for the sheet 
material (Alclad 75S-T6 aluminum alloy) and for the extrusions (75S-'1'6 
aluminum alloy) are given in table 1. Values of the compr essive yielo1 
stress for the material used to construct the 75S-T6 aluminum-alloy straight-
web Y-stiffened panels of references 1 and 2 are also given in table 1 for 
comparison. The compressive yield stress for the sheet material was 
essentially the same f or both the straight-web and curved-web specimens. 
The compressive yield stress for the stiffeners, however , was, on the 
,average, 6 percent l e ss f or the curved-web Y-sections than for the straight-
web Y-sections . 
The test pr ocedure was essentially the same as that used in other 
panel tests in the Langley structures research laboratory. (See references 
3 and 4 . ) The panels were tested f lat-ended , without s ide support, in 
a hydraulic testing machine having an accuracy of one-half of 1 percent 
of the load. The stress for local buckling of the sheet was determined 
by the strain-reversal method (see reference 5). The ends of the panels 
were ground f lat and parallel, and. the method. of alinement in the testing 
machine was such a s to insure uniform bearings on the ends of the specimens . 
An end.-fixity coefficient of 3.75 has been ind.icated for such panel t ests 
in this machine , and this value was therefore used in re ducing the test 
da ta. The uni t shortening at failing load E f was measured. as the avem ge 
of the strains indicated by four, 6!-inch gage length , ' resistance-type wire 
2 
strain gages mounted on the quarter points of the second. and fifth stiff-
eners. 
Figure 3 has been prepared as a matter of interest to show the failed 
portions of one of the 75S-T6 aluminum-alloy, curved- web Y- stiffened panels 
after test , and also of the ,corresponding 24s-T3 and 75S-T6 aluminum-alloy 
straight-web panels of reference 1. All of these panels had the same 
nominal values of twits' bw/tw, and bs/ts (1.00, 30, and 75 , respectively), 
and also, within 6 percent , the same length and cross-sectional area. The 
loads carried at fai l ure , however , as shown in the f igure, va ried from 
201 kips f or the 24s-T3 straight-web panel to 369 kips f or the 75S-T6 curved-
web panel, and at failure the curved-web panel shattered, whereas the 
straight-web panels merely wrinkled locally. 
RESULTS 
The results are presented in table 2 and. figure 4. Value s oi the 
actual test proportions are given for each specimen in table 2, together 
with the values of average stress at failure Of ' the s tress f or local 
buckling (J ,the ratio of intensity of loading to effective length of 
cr 
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panel 
Pi 
L/vc ' and the unit shortening at failure €f • In figure 4 the 
P. 
values of af for each panel are plotted against ___ 1_ and are compared Live 
with the corresponding values for the 75S-T6 straight-web Y-stiffened 
panels of reference 1 to show the effect of web curvature on the panel 
strength. In general, even though the value of the compressive yield 
stress acy for the curved-web Y-section extrusions was less than for 
the straight-web sections (see table 1), the average stress at failure 
for the curved-web panels was greater than that for the corresponding 
straight-wab p&,e~R , except in the long-column range ( lOW values 
of ~). . L/~ . 
DESIGN CRARl'S 
Direct-reading design charts based on the test results for curved-
web Y-stiffened panels and similar in all respects to the charts of 
reference 2 for straight-web Y-stiffened panels are presented in figures 
5 and 6. Charts of this type may be used to find directly the panel 
proportions FbJch will carry a given intensity of loading, at a given 
effective l ength of panel, with a given sheet thickness. Because only 
one ratio of stiffener thickness to skin thickness twits has been 
tested with curved-web Y-section stiffeners, only one design chart 
(for ~ = l.OO) iB preeented. The panel proportionB which have 
minimum weight for this value of twits· may be found as those corre-
sponding to the blue curves or regions on the charts. ~e reason that 
the curvea expand into regions at JL = 33 .8 or 60.7 is simply that tw 
values of H/tw less than 33 .8 or greater than 60·7 are not cons idered 
in these charts. Too much importance should not be attached to the 
exact proportIons indicated to have minimum weight because in many cases 
the proportions may be varied s omewhat from those indicated by the blue 
with little change in the value of the stress that can be carried. The 
section properties corre sponding to the panel proportions covered by the 
charts may be f ound in table 3 · 
COMPARISON OF THE STRUCTURAL EFFICIENCIES OF STRAIGHT-
WEB AND CURVED-WEB Y - STIFFENED PANELS 
A comparison of the structural efficiency of straight-web and curved-
web Y- stiffened panels can logically be divided into two parts: a COID-
parison of panels of such length that failure is primarily by column 
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bending and a comparison of panels of shorter length such that failure 
is, at least in part, associated with local buckling of the plate elements 
of which the panel is composed. The reason for separating the comparison 
into t.,,,o parts is that curving the webs of the Y-sections, because it adds 
material near the axis of the center of gravity, decreases the efficiency 
of the panel as a column at the same time that it raises the efficiency 
from the standpoint of local buckling. Web curvature can be accordingly 
expected to have either an adVerse or beneficial effect upon the structural 
efficiency, the type of effect depending upon the length of the panel. 
The beneficial effect of web curvature at the shorter lengths ( high 
values of L/ ~ ) is shown in figure 4 for the particular proportions tested. 
Web curvature produced the greatest increase in average stress at failure 
for the largest stiffeners (!~ ~ 30)- Comparis9"e based simpl,y on the 
increase in stress-carrying ability of these particular proportions due to 
web curvature are apt to be misleading, however. If a panel has such 
proportions that it fails at a low stress, the failing stress can be 
increased without great difficulty by almost any change in proportions. If 
a panel is efficiently proportioned, on the other hand, to carry a high 
stress, the same change in proportions may decrease the efficiency. 
In order to generalize and to remove the difficulties associated 
with the particular comparisons of figure 4, an envelope curve of Of 
Pi 
against Live for curved-web Y-stiffened panels was prepared and is 
compared in figure 7 with the envelope curve of reference 1 for 75S-T6 
straight-web panels. The fact that little difference exists between 
the envelopes for the curved-web and straight-web panels at low values 
Pi 
of LI t{C 
values of 
(long panels that fail by column bending) but that at higher 
Pi 
L/rc (shorter panels) the envelope ,for the curved-web panels 
is the higher confirms in a general way the beneficial effect of web 
curvature at the shorter lengths. 
The foregoing remark!:! should not be interpret,)d as indicating that 
a general com'parison is always better than a particular comparison. Quite 
the rever se is true. The designer is interested in the relative merits 
of various types of construction for his particular application and the 
comparison between actual designs suitable for that application is the 
most valid comparison that he can make. The direct-reading design charts 
(figs . 5 and 6) are useful for making such comparisons because they shmr 
dire'ctly the panel proportions and the corresponding stresses that can be 
carried for given values of the principal design conditions. 
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A systematic series of such particular comparisons , made by studying 
the curves of the design chart l:l Cfigs. 5 and 6) and. the correspond.ing 
charta of reference 2 r eveal3 that , except in the long-column ra...Tlge, 
the curved.-web panels generally have wid.er average spacings of rivet 
lines S than the straight-web panels which meet the same values of 
the d.esign cond.itions Pi and. L / {C. A typical example is the case 
for Pi == 120 k3i and 
ts 
0.30 kei for which the follo:ving panel 
d.esigns are given by the d.esign charts : 
af (ksi) H/tw Sits 
Straight web 5202 3308 38.7 
• 33 . 8 42·3 Curved. web 53·0 
Similarly, study of figures 4 and. 6 reveals that in s ome' cases a 
curved.-web y-stiffened. panel can be d.esigned. to have less weight, smaller 
height stiffeners , and. a wider average spacing of rivet lines than the 
lightest correspond.ing straight-web y-stiffened. panel. For example, 
Pi Pi 
at +_ == 119 ksi and. -1- == 0.25 kSi, the following minimum-weight d.esign 
o L{C 
for tw == 1. 00 is given by the d.esign charts of reference 2 for panels with 
ts 
str aight-web stiffeners : 





A correspond.ing d.esign of a panel with curved.-web stiffeners is given by 
interpolation in figure 5 or 6 to be 
S;' ksi • 
li/tw 0 
Sits • 
In other words, the curved.-web panel may have higher average stresses 
at failure , smaller height stiffeners , or wid.er average spacing of rivet 
lines, in various combinations depending upon the d.esign cond.itions. 
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CONCLUDING RE.\1ARKS 
Comparisons have been made of the structural efficiency of panels 
having straight-web and curved-web Y-section stiffeners. The comparisons 
shovTed that, in the high-stress region in which failu.re is at least in 
part associated with local buckling, panels having curved-web Y-section 
stiffeners have higher structural efficiencies than panels having straight
-
web Y-section stiffeners, these higher structural efficiencies being 
eV~denced by higher average stresses at failure, smaller stiffener 
helghts, or wider average spacing of rivet lines , in various combinations 
depending on the design requirementso 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, Va., October 29, 1948 
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TABLE lo - V.A.L1.ill3 OF THE COMPRESSIVE YIELD STRESS FOR THE 
MATERIALS USED FOR THE CURVED-WEB Y-STIFFENED PANElS 






Maximum. 69.0 8loO 
Average 67.4 73·5 
Minimum 65·9 62.8 
Straight web1 
Maximum. 69.7 26·5 
Average 67.3 78.2 
Minimum 64.7 67 .6 
IFrom reference 1. 
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tw (in. ) 
TABLE 2 . - TEST DATA AND PROPORI'IONS OF CURVED-WEB Y -STIFFENED SPECIMENS HAVING 
ALCLAD 755-'1'6 SHEEr AND 755- '1'6 STIFFENERS 
IN. bw b W bW d "il Lominal proportions are given in parentheses; by = 0.96; 'iii: = 1.07; ~. = 1.44; tS = 2.44; ts = 7· 8J 
Proportions of test spec1mene Test data 
til bS bw bA tw tw L Pi ccr af Wc tS ts tw tw ~ ~ b (kai) (kai) (aY (kai) 
<f 
(0. 064) (1. 00 ) (25) (20) (9·3 ) (0. 89 ) (0.47) 
725 x 10-5 0.0628 0.975 24 . 8 20,4 9 . 87 0· 876 0.475 14.6 62·3 64 . 2 1.394 
. 0622 .915 23 ·9 20. 6 10·05 . 870 .450 29. 2 67 ·9 .743 732 
.0613 .942 25 ·3 20.9 10. 28 · 855 .463 51.0 54·5 ·343 528 
.0627 .995 24. 8 20.4 10.69 . 867 .472 87 .6 23 ·6 .086 220 
(25) 
. 0634 .980 24 .7 25· 2 9.42 ·851 .457 14.6 53 · 2 67 · 8 1.282 825 
. 0630 .969 26.2 25· 4 10·32 . 861 .457 29·3 49·5 64 .2 .603 705 
.0632 .958 25 ·2 25·3 9· 81 · 855 .457 51.4 53 ·3 57·1 ·300 550 
· 0594 ·949 27·9 26.9 11.74 . 863 .433 88.0 23 · 7 .072 225 
(30) 
.0629 .918 25 ·4 30· 5 10.14 .874 .45? 14·7 61 ·7 1.117 829 
. 0626 .984 25 ·6 30.6 10·50 .887 . 453 29·3 63 ·3 ·521 660 
. 0684 1. 071 25 ·4 28.1 9.44 .934 .496 51.4 50 ·9 . 244 501 
.0622 .976 25 ·4 30. 8 10.45 . 880 .453 88.0 23·5 .064 215 
(35) (20) 
. 0626 .981 35 ·1 20.4 10. 22 · 878 .470 14·5 48·7 62.4 1.223 765 
. 0631 .986 35. 8 20·3 10.14 •863 .471 29.1 50.1 62. 2 ·560 691 
· 0588 .930 36.6 21. 8 10. 20 .956 .440 50.8 52· 5 53·4 .286 559 
.0628 .968 35·4 20.4 10.83 . 878 .475 87 ·1 23·2 .076 236 
(25) 
.0637 .999 34 ·7 25·1 9 ·86 . 860 .459 14.6 49 ·1 64.4 1 .075 851 
. 0633 1.005 36 ·3 25· 3 9.47 · 859 .458 29·2 50.9 59 ·5 . 493 688 
.0613 ·976 35 ·5 26 .1 10·71 . 836 .442 51.1 48.5 50·2 .239 515 
. 0626 
·998 35·3 25·6 10.38 .863 .454 87 ·6 22·7 .063 215 
(30) 
·0599 . 868 33 ·7 32. 0 10·52 . 868 .~2 14·5 37·1 61.7 . 886 720 
.0611 .946 35 · 8 31. 4 10·36 ·895 • 2 29 ·3 44. 2 57 ·4 .408 653 
·0584 .918 35·1 32. 8 11·30 . 859 . 419 51. 2 34.1 48·3 .197 505 
· 0592 .927 36.3 32.4 10. 81 . 874 .427 87.8 24 .6 .059 235 
(50) (20) 
. 0682 1.G4o 49·5 18. 8 9· 53 .937 ·511 14. 2 24 ·9 59 .9 1.075 677 
.0657 .997 48. , 19· 5 9· 51 ·910 .490 28.7 27 .1 60 .0 ·513 707 
.0617 .969 51. 20. 7 10· 53 . 867 .466 50· 2 26 .1 49·3 . 239 557 
. 0641 .976 49.4 20. 0 10.14 
·883 .479 86 .0 22.6 .065 220 
(25) 
. 0638 
·973 50 ·5 25·1 9 ·71 · 859 .460 14·5 25 · 5 60.8 .9G4 863 
.0600 .939 51.3 26 ·7 9. 83 . 867 . 439 29 .0 24 ·5 56 ·4 .4G4 716 
· 0598 .925 50 .4 26. 8 10· 87 . 894 .430 50·6 25 ·9 47 ·4 .198 535 
. 0634 1.010 50.1 25 · 2 10· 25 · 859 .458 86 ·9 23 ·3 .058 222 
(30) 
. 0628 
·977 51·7 30.§ 9. 76 . 895 .453 14.6 23·4 58. 2 ·740 726 
. 06G4 .911 48.2 31. 10.76 . 870 .431 29 · 2 25 ·7 55 ·5 ·359 632 
. 0612 
·923 47 · 2 31·3 10.46 . 903 .443 50·7 28.4 46 .0 .170 508 
. 0619 ·941 47 .9 31.0 10. 82 . 893 .442 87 .6 23 ·7 .051 214 
(15) (20 ) 
. 0638 ·971 74.0 20.0 10.19 . 6;10 .480 12.9 11. 2 52.9 . 860 715 
. 0626 .966 74 .4 20.4 10. 22 
· 859 .467 28.1 12. 8 53 ·7 .403 729 
.0631 ·949 73 · 2 20·3 10.14 · 870 .473 49 . 0 13·6 47·0 .197 527 
.0616 .949 74·3 20. 8 10.71 . 864 .465 84.1 15·9 21·3 .053 209 
(25) 
. 0628 .975 75·8 25·5 9.95 . 862 .456 14. 2 11.4 54.6 ·702 818 
·0586 .924 75·9 27 ·3 10.24 . 868 .422 28·5 10. 0 50 ·5 ·318 677 
. 0640 1.010 75 ·7 25· 0 9 ·53 . 860 . 463 49.9 11.2 44 . 8 .163 533 
. 0632 
·995 75 ·5 25· 3 10.92 · 855 . 457 85 ·4 12.2 21.8 .G47 219 
(30) 
.0665 1· 005 74 .6 28. 8 8.96 .924 .4.79 14.4 10.6 54 · 5 .614 801 
·0597 .911 73 .6 32.1 10·12 . 863 .429 28. 8 11·7 50·7 . 219 640 
. 0611 .931 73·3 31.4 10. 80 . 884 .440 50.4 12. 0 44 .7 .141 516 
. 0594 .905 74 ·7 32.2 11.11 . 861 .430 86 .4 12.1 22.1 . G41 227 
aLengths are for the actual test spec1mens for which c = 3.75 appro:rl.mately . 
9 
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TABU; 3. - X-PANEL PROPERT I ES [~-1.00; ~-9.3 ; ~-0.96 ; ~ - 0 . g9 ; ~'1.07; ~-0 . 47 ; ~-1 . 44 ; ls - 2. 44 ; ls-7 . ~ 
~ 1! 19 20 21 22 23 24 25 26 27 2g 29 30 31 32 33 
~~ 3. 315 U~a 3. 410 J.455 J. 49S U36 3.57S 3.616 3.652 J. 6es 3.721 J .754 l . 7S5 3.815 3 .g45 3. 873 3. 265 3. 361 3. 405 3. 449 3 . ~9 3. 568 3.604 3.640 3.674 3.706 3. p 8 3· 76t 3. 793 3.327 25 3. 21S 3. 266 tm Itm tj~~ n~ Ll·m l.ill lJ~J Itm Uti 3 'l2 Lllf6 3·7&2 rTI- 1}.172 j 221 hJ 1 6R Ii M 11.139 I ~ :~~~ 3.177 ~:m 3. ~~~ 3. 312 3.354 U~~ 3.432 U~~ U2~ 3·540 ~:5~~ 3. ~?6 ~ :m Is:m I ~ :m 2S 3.135 ~ :m 3.270 3.312 3.391 3 .4~9 3: t 65 Hi- Itg~ ~.g~~ U~~ ~. ~~ U~; U~~ 3: ~?~ U~~ t~~~ 3. 453 d~~ h~~ 3J n ~ 3. 617 I l 147 I " 4.0 l.h.2.zi 2 :.§~~ ~ : ~~~ ~ : g~g 3. 109 3·152 3.19. ~ :m 3. 27i 3. 310 U~6 3·382 3.4~~ ~ : ~~~ n~~ n~5 1 ~:a~5 32 3. 073 3.116 3. 157 3.23 3.274 3.345 UK~ ~ 2.399 2.947 2.993 3.03S 3.080 3·122 3. 162 3.201 3.238 3· 275 3.310 2. 377 3.409 3. 440 3. 70 2. 866 2.913 ~ :m 1 ~ : ~~~ tg~ tg~~ t~~ 3 : i~~ 3.204 3 240 I UK~ U~~ U6~ {375 3. 406 3. 436 2.S33 2.881 1. 171 f 203 . '41 }.372 1}. 403 2:7Z~ ~:m 2 :~~~ 2.939 U~~ 3.022 ~:g~i 3. 101 3.138 U4~ 3.209 n~ UF ! U~7 U~ 13:339 37 .86 2.90S 2.991 3.069 un 3·17& }.21~ 3S t 2. 7 ! 2·7e9 2. 334 2.8Z3 2.920 2.961 3·001 }.039 3·112 }.147 }. l Sl 3.247 3. 2ZS 3.303 ~ ts ~:m ~ :m ~:~~~ I ~.~.~ . ~ :m t§6~ tID ~ l::I L~~4 I U~g tm l"lit 3.217 ~ ' M I ~ :m 13 1M r-rr- 2 : 5~g ~:m ~ :m 2. I~? 2.809 2.~~~ 2.3g3 2.926 2. 962 ~:m 3.033 3.06~ 3.100 3. 132 U~6 ·n~ UF 2.75S 2. 7~7 2.336 2.S74 2.910 2.9&0 t ~~4 } .047 3.079 46 2·a4o 2.5S4 2.627 2:~~4 2·Z0~ 2:h~ 2·737 2.824 2.361 2.846 2.~30 2 . 9~ 3.02S 3.059 3. 089 ~ 2. 4~~ U~ n~ 2. 6 ~. 03 ~ :m ~:m ~:m Uo~ I ~:m ~ :m UOl 2.980 3.011 ~ :m 2.4 2. 31 2 .620 2. in4 2.96~ 2 : ;t~ ~ :m ~ : ?6g 2. ?4{) UZ6 2.~17 ~ :m ~ :m ~:m 2'I~1 2. 79" 2.327 ~:m 2.390 U~9 I ~ : §6~ 54 2·a02 n~ 2.720 ~ : m 2.786 2.84g 56 2. 3 2. }86 2.426 2. 65 2·a03 2.541 2.612 2.647 2.631 2.746 2.777 2.~08 2. &}& 2.&6& 
Iff- ~ :m ~:m 2· 391 n§~ 2.1l.~~ n~6 I~ lill lJig ~ ~ ~ Ltill tm 2. 300 2.&29 2.35S 2 Il. 2Jll 2~ 2 :~§~ I ~ :m I ~:m q~? U~~ ~:m tm n~ U~~ 2. 557 2· 539 2 .~2O n6~ ~:m H~ I ~:m 2. 30a n~4 n;~ 2:r ~ 2.li7 ~:m n~~ 2 . 2~<; 2.299 ~:m I ~ : ~~~ n~~ ~ :m h~~ I ~ :m 2.535 tm 2.642 2.11 2.22 2.260 12 422 2 4~l 12. 541 2.591 2: ~5f I ~ :~g~ ~:m ~ :m 2.223 n~~ 3·2S9 2· 320 2·352 2.382 tm 2 . ~" 2' ~: ~n 2.499 2.~7 12:m 7e 2. 188 2. 252 2.2B4 2. 315 2.345 2. 403 2 . ~60 2. & 
Sl 2. 020 2.055 ~ : g~~ 2.122 ~:m 2.157 2. 215 ~ 'm ~:m I U~~ n6a ~ : ~ ~~ 2 . 395 2.1. 23 2. 450 2. 476 a~ 1.992 2.026 2.091 2.1<;~ 2 136 2. '160 2. JB7 2.414 2. 440 
~~ 12. 43 13.23 i~:~~ l iq~ liU§ I it;: 17.27 iU~ i~: :6 i U i ~g:~ 21.35 22.17 22 . 99 23. 82 24.64 12.3b 13 .15 17· 19 21.25 22 .07 22 .69 23 'Zl ~U~ ~ 12.2~ 13.07 iU~ iD~ 16.28 g:g6 iU~ iU~ iU~ 20.34 21 .~ 21. 98 22.80 12.20 11 .00 ib~ 16.19 20 . 2<; 21 . 21 M 2:) 10 lLi Lz..4..lZ 27 ' i~:~~ ~U~ I ~H~ I t4:~~ ~U~ t6:~~ Itd~ I tU3 ts:~§ I t~ : ~l ~~ : ~~ ' ~ :M ~U9 22.~? ~U~ ~4:i4 25 22 . ~0 
~ iU~ 12 . 77 iU~ iUi i~·14 iU~ iU~ g :~ l S.35 in7 i~ ·97 ~ : l~ I ~U6 I ~~ :J~ ~~ 'R I ~~ : ~~ 12 .57 1 .06 15.26 1 as 31 ' iU~ ~~ : ~~ I H:;J I t4: t~ I t4:§~ t~: 7~ Itn? I tU~ t8:~9 Itt§g Itq6 20 . ~? ~u~ 22.22 ~~:~4 23.55 }2 ~:a~ ~u~ ~u~ 
sd 
11.69 12. 7 13.25 14 .04 14.32 15·61 16.41 17 .21 1B .01 13.81 19 . 2 21. 23 22.8g iU~ g:~ iU~ g .96 iU~ iU~ iU§ in~ 17 ·92 in~ in~ ~:~~ Jll~ ~:U JUf LiiJ7 ~ 1 .85 17.S4 I tU~ I t2:f9 I ~~:96 I~q~ I itij I i§J~ I it~~ l iU~ iq~ I i~:~~ l iU~ I ~g:~~ 20 .96 ~u~ ~n~ 23 . }5 20.33 23·29 
II 11. 36 12.12 12.39 1}. 6 14. 15.23 16.01 16 .30 17.59 13.39 19. 19 19.98 20 . 79 21. 59 22.40 23.20 ii iU~ iU~ iUi iU~ iU6 i~ · 15 i~ · 94 iU~ iU~ iU~ i~·l1 i~·90 ~g : ~~ I ~i ' a~ ~n~ I R~~ t;j 1 .03 1 .80 1 . 02 1 .B2 ~2 l i~:~~ iU~ I iU~ ' iU§ I i;: : ~~ I ~;::l9 I i§ : a~ I~n§ iP3 Itn1 I t!:7~ I t~ : 4§ ~g:~~ 21.25 ~Us ~u~ 44 21.03 46 10.36 11 .61 12. }6 1}. 12 13.M 14. 5 15. 2 16.20 1 .93 17.76 15. 54 19.33 20 .12 20 .91 21. 71 22.51 
Ht ig:l~ 11 . 43 12.23 12.98 iUr iU~ i~ · 23 iUi 16.B3 17.61 15 · 39 i~ ·17 i U 6 I ~g:~~ ~U~ I~U4 11 . 40 12.11 12. B6 1 .14 16.6~ 1746 15 2'1 1 .02 10:~2 ii:~~ I tU~ ' tH~ I t~ : 3~ I t;::~~ I t~:gK I tn~ tn~ I tU~ I tn~ I tn~ iU6 2O.~3 21. 22 22.01 54 10. 1 20.23 21. 07 21.85 
lit 10. }O 11.03 iua 12.49 13.24 13.9& 14·Z 15. 49 16.26 iU§ 17. 80 iU~ 19.34 20.12 20 .91 21.69 ig:~~ 10.91 iUZ iU~ 13.56 14 . 1 iU~ iU§ g : ~~ ii'~ i§J1 ~ Jt~ 10.&1 11.53 1}.74 14 .49 16 .15 18.25 ~2 'n~i ig:~6 I iUi 'iUj I i~J5 ling lin~ I~n~ i§:~~ lin! l iz: i~ 1 in~ iU; I i§: tt~ 20 . 35 21.:~ 20 .17 20.94 ~ IU 5 10. J5 11.05 ii:H 12.48 13.21 13.93 14.68 15. 42 16 . 1 1 .91 17 . 67 1B.43 19 .19 i na ~ni . 1B 10.21 10.90 12.32 13 .05 13·77 14.50 15.24 15 ·97 16 .72 17 . 47 15 .22 15 ,95 75 I ~:m ~~9~~ ig:l~ I ii :;~ i~ : ~~ iU~ i5:~~ i4:i~ t~:g9 i~ : ~~ Itn; i7 : ~9 in~ ~t~ i n ;: ~:i~ 7& ~~ IU~i U~ in~ iU~ iU~ 12.57 iU~ ii:~g iU~ i~:~ 16. 15 16.91 17·65 15. 
.lUi ~ 12.42 16 .00 16.ell. Ji. '±i lS . 21 
~4 13. 47 1a.19 14.92 15·64 16·3& 17.10 17 .85 1~.57 19.29 20.01 20.75 21.4& 22.21 22.93 ~u: 2~ . J& 13. 46 1".19 H.~l 15·b~ 16. 3~ 17 .10 17 .~" 1&.5b 19 . 29 20.01 20.75 21.4& 22.20 22 .92 24.38 
~ it 45 ~~:n i~:~~ iU~ iUl 17.09 17 . ~~ 1B.~b 19.2& 20 .00 20.7ij 21. 47 22.20 22 .92 2} .6~ 24.3t5 - -- . 44 17 .08 1 .~J 13.~<; ~.?L 20.00 2O..i~ 21. '±i 22~ ~2 n 64 24.'& 27 B:~~ iU~ ~Ul I~n~ t6:iil H:g~ 17 .82 ~na I~nl ~n§ 20. 7~ ~i:;: ~~:~§ ~n~ R~~ ~U~ 25 17 .31 20.73 
f.4L t~:i~ 14 .14 ~~:~~ in~ iU~ iU~ iU~ iU~ ~§:~~ iU~ 20.73 21. 45 22.1! 22.91 2}.b3 24 . 37 14.12 20j? 21 . '±5.. 22 .15 22,.2.0 n .62 24 ji 31 3· ~~ I t~:t~ t~:~~ I i§:~l tE:: ~~ I tt :~3 ItU~ I tn~ ItU;; ~Ul I ~g: ~~ ~i :;;;; 22.17 22.90 R~~ I ~4:~~ 32 3·37 22.17 22.89 
~a 3.36 14.09 14.32 15.5a 16.30 17.02 17·77 iU~ 19.23 19.9a 2°'lO 21.43 22.16 22.89 23.b1 24.35 iU~ 14.07 14.81 iU-i 16.29 17.02 in~ in~ ~~:~4 l~g'J Ji'~ lUi It: .n.61 l~la ~ 14.0b lU ISO 16.2~ 17 .01 18 43 ,J,.O 13 . 32 1a ·ga i;;:~ in~ 1? ?~ I it~~ 17.74 iUl 19.20 19.93 20.68 21.41 ~n;; 22·&7 ~U§ ~n3 37 3.31 lU.O 16.2a 17.73 19.19 19.92 20.67 21.40 22.86 38 3 . 29 H.03 H.76 15.50 16.2 1b.97 17.72 1B.46 19.13 19.91 20.66 21.40 22.13 22.86 23.58 24.33 
39 /; i 3 .~~ 14 .02 14 · 75 ini 16.2} iU~ UJg 13 . 45 iti~ in~ ~g:~~ 21. 39 22.12 22.55 23.57 24.32 ~ 14 .00 1~. 74 Ib .22 11S.il4 21. '15 ~2 II ~ 84 tl..5.L 2~,n 
.2 1U~ ~3.98 I~U9 I~~ : ~~ ~n7 1n? 'iU~ I ~t3~ iU~ 19.38 ~ni ~U~ 22.10 ~~:~? ~n~ ~U~ ~. 13.95 tna 22.08 "6 1}.13 13·92 14.66 15.40 16.15 16.33 17 . 6~ 15. }6 19.10 20.59 21. 32 22.06 22·79 23 ·52 24.27 
"8 tU~ iP1 14.63 iUK 16.12 t~:~~ iL~~ in~ i§·08 in~ 20 · 57 21.30 22.04 22.7b 23.50 24.25 ~ 1 .86 14.61 16.09 1 .06 20 . ~4 21.28 22.02 22.75 2'1.48 2~·li ~s:g~ I ~~:~~ I t~:~5 I~U9 I tb:~4 tb:~~ 1 ~ :~3 I ~~:~~ I t§:~f iUl I~~:~~ I~U5 22.00 ~Uf Ig:;;~ I ~;;:~~ 21.98 
56 } .03 13.78 14.52 15 · 26 16.01 1b .75 17 .~1 18.25 13.93 19·72 20.47 21.22 21.96 22.69 23 ·42 24.15 
m- l~ · g~ i
3
: ~~ 14.49 iUJ i§:§~ in~ tl:4~ i:'~~ iU~ i~ : b9 20.45 21.19 21.93 22.67 2}.40 24.15 14 ~6 1 67 20 42 21.17 21. 91 22.65 2 . J3 2~.13 
2.93 iU~ 14."1 15.16 iUi Ib.65 17."1 I e .15 t:::§ 72· b3 20.39 21.13 21.87 ~~:59 ~U~ I ~;;:~~ 66 2.98 14. }7 15.11 16 .b1 17.l/ 1a.11 19·59 20. }5 21.09 21.83 
4- n~ in~ 14·32 i§ : g~ it~~ tU~ 17·32 13.06 18.~1 19 ·55 20·30 21.05 21.&0 22.53 2}.2 1 24.03 14.23 17.28 1~ . 02 15 . 76 19.~ 20.2b 21.01 21. 7b 22.'!i u..u. ~ 75 2.7> 13·4~ I i;;:i~ 'i;;:§~ i§:U ~~:;;~ liU§ I t7 :9~ I~U~ It§:~ I~~:~~ I ~~:§~ I ~~:~~ ~~::? I~U~ I~n? 7& 2 .69 13·~3 
&1 2.b" 13.38 1" .13 1".6'J 1~.63 16.33 17.14 17 .~7 iUi i§:H ~g:~§ 20.M ~U§ ~n~ ~u~ ~u~ &4 2·59 13.34 14.08 14.~3 15.59 16.}} 17·09 17 .~" 20.54 
NACA TN No . 1787 II 
Figure / .-Cross section of test specimens. 
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Fillets I~ R, except os noted. 
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bW A f' hy H by bW bL bF 
'W (sq in) (in.) (in.) (in.) (in.) (in.) (in.) (in.) 
20 0446 0907 1.159 2.392 /.333 /.279 /200 0890 
25 .538 1.123 /.493 2.966 /.667 1600 1500 1.1 / / 
30 .629 1336 /.83/ 3.537 2.000 /9/8 1.800 1.333 
bW A f' hy H by bW bL bF C 
'W (sq in.) (in.) (in.) (in) (in) (in) (in) (in) (in) 
20 0474 0920 /.200 2.392 /.333 /.279 1200 0890 /.200 
25 .565 1.135 /.5/4 2.966 1.667 1600 1500 1.1// 1.500 
.30 .659 /.342 /.86/ 3537 2.000 /.9/8 1.800 /.333 1.800 
~ 











Figure 3. - Comparison of failures of 24s -T3 and 75S -T6 aluminum-alloy straight-web Y-stiffened 
panels and a 75S -T6 curved-web Y-stiffened panel (~ = 1.00; bw = 30; bs = 75\. ~ ~ ~ ) ~ 
cu 
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Figure 4.-Comparison of test results for 75S-T6 aluminum- alloy straight- web and curved-
tw 
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Figure 5 .-0irect-reading design charI for flat compression panels of 75S-T6 aluminum 
tw 
alloy with curved-web Y-seclion stiffeners . IS = 1.00. 
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Figure 6 .-0irect-reading desiqn chart (alternate form) for flat compression panels of 15S-T6 
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Figure 7.-Comparison of envelope curves for 75S-T6 
aluminum-alloy slraighl-web and curved-
web Y-sfiffened panels having ;w =1.00 
s 
(Data for straight-web panels from reference I.) 
